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(54) Panel of sheet material

(57) A panel of sheet material, the surface shape of
which contains irregular protrusions and valleys, com-
prising: the lower parts (1a and 2a) of the profiles bars
at a distance of the panel width (W) or length (Lp) from
each other, the cutting surfaces (5b) of which are undu-
lating in the longitudinal direction of the bars and linear
in the direction transverse to the length and height of the

bars; the lower parts (3a and 4a) of the support bars at
a distance of the panel length (Lp) or, respectively, width
(W) from each other, with straight cutting surfaces (6a);
the sheet material (7) attached from its borders (10) to
the said cutting surfaces (5a, 6a) pointing to the same
direction with glue, the borders following the forms of
the cutting surfaces; and the sheet material (7) stays in
its entirety in stress state.
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Description

[0001] The invention relates to a method for manufac-
turing panels of sheet material, the surface shape of
which contains irregular protrusions and valleys, and to
a panel of sheet material, the surface shape of which
contains irregular protrusions and valleys.
[0002] The publication GB-2 260 935 discloses a
method for manufacturing irregular-shaped vessels.
First, the method uses a matrix in the shape of the de-
sired vessel, manufactured of ductile plastic material.
Several, but at least three wood veneers are placed onto
it, with interposed adhesive layers as large as the ve-
neers. A flexible air-proof bag connected to a vacuum
pump is placed around the veneer arrangement. Low-
ering the pressure in this bag presses the veneers tightly
against the matrix, for example, with a pressure of 1380
- 2070 kPa, the said shaping of the veneers being still
intensified by heating. The result is a laminar piece ex-
actly the shape of the matrix, which is self-supporting,
i.e. with no macroscopic tensions. With such a method
it is in itself possible to manufacture also furnishing pan-
els, but first of all, the method is slow and expensive,
and secondly, all the panels would be exactly identical.
A construction, such as a wall, assembled of such iden-
tical panels would be very monotonous, and not stimu-
lating. If an individual matrix were manufactured for
each single panel, the costs would rise even more.
[0003] Thus, it is the objective of the invention to pro-
vide such a method for manufacturing panels that, for
example, have the appearance and feel of wood or that
otherwise consist of some desired material and include
irregular surface shapes so that it is possible with the
said method, when required, to produce panels with in-
dividual surface shapes different from each other. The
second objective of the invention is to provide such a
method that would make it possible to manufacture such
individual panels with irregular surface shapes with sim-
ple means and in conventional circumstances, when re-
quired. The third objective of the invention is such a
method with which also such panels are produced,
when required, the surface shapes of which progress
continuously to a second panel or second panels. The
fourth objective of the invention is to achieve a method
for manufacturing such panels which can, when re-
quired, act as acoustic boards or through which light can
filter, when desired.
[0004] The above-mentioned drawbacks can be elim-
inated and the above objectives can be realized with a
method according to the invention, characterised in
what is defined in the characterising part of claim 1, and
with a panel according to the invention, characterised in
what is defined in the characterising part of claim 14.
[0005] In the invention it has now surprisingly been
noticed that irregular surface shapes can be provided to
the panels by fastening only some borders of the sheet
material forming the panel to such bars that have irreg-
ularly undulating cutting surfaces. As the bars of the op-

posite borders of the panel have differently irregular cut-
ting surfaces, the sheet material attached to them is
shaped to include irregular protrusions and valleys, ma-
trices corresponding to which do not exist. It namely has
to be noted that the shapes on the surface of the panel
are not copies of the cutting surfaces of the bars with
irregular undulating shapes in the borders of the panel,
but they have a shape of their own. By changing the di-
rection of the sheet material before fastening, the panel
can be provided with individual surface shapes. Be-
cause the properties of the sheet materials may slightly
vary from one sheet of sheet material to another, even
in case of exactly identical bars there would be formed
somewhat different surface shapes of panels so that,
already for this reason, each panel is individual. The
panels can be made more individual by continuously
changing the undulating shape of the cutting interfaces
of the bars, which can be done by using a computer and
a suitable program. Even though the undulating shape
of the cutting interface of the bars would be repeated at
intervals, it is nevertheless possible to get a very large
number of panels with individual surface shapes, be-
cause it is possible to get different surface shapes for
panels using different combinations of bars, the number
being (N-1)!, in which N is the number of different bars.
For example, 362880 different panels can be produced
with ten different bars. It is a special advantage of the
invention that, by using this method it is possible to get
the parts that make it possible to press the sheet mate-
rial accurately to the inaccurately undulating bar surface
for gluing without separate measures or special devices,
i.e. in a way "for good measure". However, it is possible
to manufacture the panels of the invention so that the
surface shape progresses continuously from one panel
to another, in which case impressive, large surfaces can
be achieved with a combination of panels. The panels
of the invention can also be manufactured with a view
to acoustic needs and/or light transmission. Further, the
manufacture of the panels of the invention is simple, re-
quiring only a suitable controllable cutting device or saw-
ing device and a simple glue press. When required, the
panels can also be made with hand tools. In the panel
of the invention, besides plywood, also plastic board,
metal plate, stiffened cloth or felt, etc. can be used as
sheet material.
[0006] The invention is next described in more detail
referring to the enclosed drawings.
[0007] Figs 1A and 1B generally present an example
of the panel of the invention from the top and in perspec-
tive, seen nearly from two opposite directions and
shown in unbroken lines. Further, Fig. 1B presents sche-
matically, in lines of double dots and dashes, the next
panel that steplessly fits the panel.
[0008] Fig. 2 presents a frame consisting of two upper
or lower parts of form bars and two upper or lower parts
of support bars, to which the sheet material is glued ac-
cording to the invention for producing the panel of Figs
1A and 1B, in axonometric view corresponding to the
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Fig. 1B.
[0009] Fig. 3 shows the cutting or sawing in two of the
form bar of the invention, as an upper and a lower part,
in axonometric view, shown in unbroken lines. The fig-
ure also shows the cutting or sawing of the support bar
in two, as an upper and a lower part, in lines of double
dots and dashes.
[0010] Fig. 4 shows the simultaneous cutting or saw-
ing of two form bars of the invention in two as upper
parts and lower parts so that the continuity of the surface
shapes of the panels is made possible, in axonometric
view. The figure also schematically shows the machine
tool, with which the cutting/sawing is performed.
[0011] Figs 5A and 5B show the glue pressing accord-
ing to the invention for making one panel, in cross-sec-
tional view corresponding to the plane II-II in Fig. 1A and
5B, and in side view corresponding to the direction I in
Figs 1B and 5A.
[0012] Figs 6A and 6B show the glue pressing accord-
ing to the invention for simultaneously making two pan-
els, in cross-sectional view corresponding to the plane
IV-IV in Figs 1A and 6B, and in side view corresponding
to the direction III in Figs 1B, 6A and 7.
[0013] Fig. 7 generally presents a second example of
the panel of the invention from the top and in perspec-
tive, shown in unbroken lines, and further schematically
the next panels that steplessly fit the panel in lateral and
longitudinal direction and diagonally, shown in line of
double dots and dashes.
[0014] In the simplest version of the method the pan-
els 11, 12 of sheet material only comprise the upper
parts 1b, 2b or lower parts 1a, 2a of form bars in the two
opposite borders, to which the opposite borders 10 of
the sheet material 7 are glued with the glue 9a. Figures
1 and 2 can also present such simple panels, especially
the sturdiness of which is not the best possible, but
which nevertheless are useful in some situations. How-
ever, also their surface shape has irregular protrusions
and valleys.
[0015] For this purpose the method comprises follow-
ing steps. First form bars 1; 2 are taken, the lengths Lm
of which correspond to - i.e. are dimensioned so that
they can be made to the size of the desired outer meas-
ures of the panels or to slightly smaller bearing parts -
the lengths Lp or widths W of the panel sides and the
heights of which are bigger than the maximum of the
height difference Hp between the protrusions and val-
leys in the panel. Secondly, the form bars are cut longi-
tudinally in two as upper parts 1b, 2b and lower parts
1a, 2a so that the cutting interface 5 is undulating in a
desired way in the longitudinal direction of the bars and
linear in the direction transverse to the length and height
of the bars, as is shown in figures 3 and 4. The said
cutting can be made using some slit machine tool, for
example a band sawing machine or milling cutter or wa-
ter jet or laser or some other respective known or new
machine, which is able to cut the bar in two in the direc-
tion of its height Hm with as small and flat slit as possible.

Such a cutting is the essential point of the invention, be-
cause with it two bar parts, i.e. an upper part and a lower
part, are generated, which comprise the cutting surfaces
5a and 5b fitting exactly against each other and the cut-
ting surfaces 6b and 6b, which will be described later.
[0016] Next the lower parts 1a, 2a of the first and sec-
ond form bar 1, 2 are placed at a distance corresponding
to the width W or length Lp from each other, their cutting
surfaces 5a upwards, and the first sheet material 7 is
then arranged on these lower parts, with glue 9a be-
tween the cutting surfaces 5a and the lower surface 7a
of the first sheet material against them. The cutting sur-
face 5b of the upper part 1b of the first form bar is then
putted against the upper surface 7b pointing away from
the lower surface of the first sheet material at the region
of the lower part 1a of the first form bar and in line with
it, and the cutting surface 5b of the upper part 2b of the
second form bar is pressed against the upper surface
7b pointing away from the lower surface of the first sheet
material at the region of the lower part 2a of the second
form bar and in line with it. Thus, the cutting surfaces of
the two bar parts, i.e. the upper part and the lower part
fitting exactly against each other, described in the pre-
vious chapter, are here utilised, although in this simplest
case the upper parts are only used in a way as a shaping
tool. Next the upper parts 1b, 2b and the lower parts 1a,
2a are tightened against each other with such a force F
that the borders 10 of the sheet material are set to follow
the shapes of the cutting interface 5 between the lower
parts and upper parts, and the glue 9a is let to harden.
After this, the first finished panel 11 can be detached
from the said upper parts at the place of the interface
marked with reference T, which is situated between the
upper surface 7b of the first sheet material and the upper
parts 1b, 2b of the form bars.
[0017] A considerably sturdier panel is achieved by
modifying the basic method of the invention described
above to comprise the following additional steps and ad-
ditional parts. Not even this method version has the best
possible production efficiency, but as mentioned, the
panel manufactured with this method already corre-
sponds to the most advantageous embodiment of the
invention. Now, support bars 3; 4 are additionally taken,
the lengths Lm of which correspond to - i.e. are dimen-
sioned so that a frame of the size of the desired outer
measures of the panel or a slightly smaller frame can
be produced - the widths W or lengths Lp of the panel
sides and the heights Hm of which are bigger than the
maximum of the height difference Hp between the pro-
trusions and valleys in the panel. These support bars
are cut longitudinally in two as upper parts 3b, 4b and
lower parts 3a, 4a so that the cutting interface 6 is sub-
stantially straight in the longitudinal direction of the bars
and either parallel to the said length or inclined in the
direction of the length, and linear in the direction trans-
verse to the length and height of the bars. Exactly ac-
cording to the basic idea of the invention, with this cut-
ting it is possible to produce two bar parts, i.e. the upper
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part and the lower part, which have cutting surfaces 6a
and 6b fitting exactly against each other. The require-
ment on linearity defined above is due to that the first
and second sheet material 7, 8 can generally bend only
to some conic section so that undulating shape can only
be found on two opposite borders 10 of the panel, and
the other two borders 10 have to be straight, for exam-
ple, extending in the direction of the lower surfaces 1c,
2c of the lower parts of the bars, or wedge-shaped in
relation to these. If for example, in the case of Figs 1A
and 2, the corners C1 and C2 or the corners C3 and C4
are examined, the undulating shape, i.e. the cutting sur-
face 5a can first of all end to the same height from the
lower surfaces 1c and 2c in both corners so that the cut-
ting surface 6a of the lower parts 3a, 4a of the support
bars has to be parallel to the lower surfaces 1c, 2c. In a
case in which the undulating shape, i.e. the cutting sur-
face 5a ends to a different height from the lower surfaces
1c and 2c in the opposite corners C1 and C2 or in the
opposite corners C3 and C4, the cutting surface 6a of
the lower parts 3a, 4a of the support bars has to be in-
clined in relation to the lower surfaces 1c, 2c, i.e. the
lower parts 3a, 4a of the support bars are wedge-shaped
so that the cutting surfaces 6a of the lower parts of the
support bars meet the cutting surfaces 5a of the lower
parts 1a, 2a of the form bars at the corners. Thus, the
first sheet material 7 can be attached to the lower parts
along the whole length of all its borders 10, and in the
alternative described later, the second sheet material 8
to the upper parts, respectively. If the height of the lower
parts and upper parts of the support bars has to be con-
stant, such as half of the height Hm of the form bars, it
is possible to alternatively take the otherwise finished
upper parts 3b, 4b and lower parts 3a, 4a of the support
bars, the lengths Lm of which correspond to the widths
W or lengths Lp of the panel sides, and the heights
Hm1/2 of which are half of the height of the form bars 1,
2. Such parts naturally contain the cutting surfaces 6a,
6b corresponding to the cutting interface 6 and extend-
ing in the direction of the length Lm.
[0018] In this version of the method, before arranging
the said sheet material, the lower parts 3a, 4a of the first
and second support bar are placed at a distance of the
panel's length Lp or, respectively, width W from each
other and into connection with the lower parts 1a, 2a of
the form bars, and the cutting surfaces 6a are placed,
for example, upwards in the same direction as the cut-
ting surfaces 5a of the lower parts of the form bars to
form the frame 20 of the panel, which is shown in Figure
2. In the corners C1, C2, C3, C4 the lower parts of the
form bars and support bars, and naturally also the upper
parts, respectively, can be attached, for example, to a
mitre box preferably with glue, or with mechanical fas-
tenings or forms that can be locked with each other, such
as dovetail joints, to each other. However, the fastening
is not always obligatory. After this the first sheet material
7 is arranged on the said lower parts, with glue 9a be-
tween the cutting surfaces 5a and 6a of all the lower

parts 1a, 2a, 3a, 4a and the lower surface 7a of the sheet
material against them. First of all, the cutting surface 5b
of the upper part 1b of the form bar is then putted against
the upper surface 7b of the first sheet material pointing
away from the lower surface at the region of the lower
part 1a of the first form bar and in line with it, and the
cutting surface 5b of the upper part 2b of the second
form bar is pressed against the upper surface 7b of the
first sheet material at the region of the lower part 2a of
the second form bar and in line with it, and secondly, the
cutting surface 6b of the upper part 3b of the first support
bar is pressed against the upper surface 7b of the first
sheet material at the region of the lower part 3a of the
first support bar and in line with it, and the cutting surface
6b of the upper part 4b of the second support bar is
pressed against the upper surface 7b of the first sheet
material at the region of the lower part 4a of the second
support bar and in line with it, or respectively. All these
puttings occur preferably, but not necessarily, simulta-
neously. Finally - analogically with the method version
explained first - the said upper parts 1b, 2b, 3b, 4b and
the lower parts 1a, 2a, 3a, 4a are tightened towards
each other with such a force F that the borders 10 of the
sheet material are set to follow the forms of the cutting
interfaces 5, 6 between the lower parts and the upper
parts at the same time as the glue 9a is let to harden.
After the glue has hardened, the first panel 11 is de-
tached from the said upper parts at the place of the in-
terface marked with the reference T.
[0019] The first of the advantageous embodiments of
the panel of sheet material according to the invention
has thus been achieved, which comprises: the lower
parts 1a and 2a or upper parts 1b and 2b at a distance
of the panel's width W or length Lp from each other, the
cutting surfaces 5a, 5b of which are undulating in the
longitudinal direction of the bars and linear in the direc-
tion transverse to the length and height of the bars; lower
parts 3a and 4a or upper parts 3b and 4b of the support
bars at a distance of the panel's length Lp or respectively
width W from each other, with straight cutting surfaces
6a, 6b; in the said cutting surfaces 5a and 6a; or 5b and
6b pointing to the same direction the sheet material 7 or
8 fastened from its borders 10 with glue 9a or 9b, the
borders 10 following the forms of the cutting surfaces
5a and 6a; or 5b and 6b; and the sheet material 7 or 8
stays in its entirety in stress state.
[0020] The most advantageous embodiment of the
method of the invention contains additional phases,
which however reduce the working steps to be made in
all and make the manufacture considerably faster when
manufacturing several panels according to the inven-
tion. For this purpose, the second sheet material 8 is
placed onto the first sheet material 7 on the said lower
parts 1a, 2a, 3a, 4a so that its lower surface 8a is against
the upper surface 7b of the first sheet material. Abso-
lutely no glue is applied between the first sheet material
7 and the second sheet material 8. Then the cutting sur-
face 5b of the upper surface 1b of the first form bar is
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placed against the upper surface 8b of the second sheet
material at the region of the lower part 1a of the first
shaped bar and in line with it, and the cutting surface 5b
of the upper part 2b of the second form bar against the
upper surface 8b of the second sheet material at the re-
gion of the lower part 2a of the second form bar and in
line with it, and further, the cutting surface 6b of the up-
per surface 3b of the first support bar is placed against
the upper surface 8b of the second sheet material at the
region of the lower part 3a of the first support bar and in
line with it, and the cutting surface 6b of the upper part
4b of the second support bar against the upper surface
8b of the second sheet material at the region of the lower
part 4a of the second support bar and in line with it, or
respectively. For this purpose, before arranging the said
sheet materials 7, 8, it is most advantageous to place
the upper parts 3b, 4b of the first and second support
bar at a distance of the panel's length Lp or, respectively,
width W away from each other and into connection with
the upper parts 1b, 2b of the form bars, and the cutting
surfaces 6b to the same direction as the cutting surfaces
5b of the upper parts of the form bars to form the panel
frame 20, which is shown in Figure 2. The upper parts
are thus preferably placed as a complete frame 20, the
cutting surfaces 5b, 6b downwards, against the upper
surface 8b of the second sheet material, as is shown in
Figures 6A and 6B, with glue 9b between the cutting sur-
faces 5b, 6b of the upper parts and the upper surface
8b of the second sheet material against them. As before,
the said upper parts 1b, 2b, 3b, 4b, and the lower parts
1a, 2a, 3a, 4a are tightened towards each other with
such a force F that the borders 10 of the sheet material
set to follow the forms of the cutting interfaces 5, 6 be-
tween the lower parts and the upper parts. Next both the
glues 9a, 9b are let to harden, and the first and second
panel 11, 12 are then detached from each other along
the interface T between the first sheet material 7 and
the second sheet material 8. The detachment is simply
performed by only lifting these two finished panels 11
and 12 away, because they have not been attached to
each other in any way, but they are superimposed and
aligned with each other only for tightening with the force
F and for pressing the borders 10 of the first sheet ma-
terial 7 accurately against the cutting surfaces 5a, 6b of
the upper surfaces of the bars. The glues 9a, 9b be-
tween these cutting surfaces 5a, 6a and the borders of
the first sheet material 7 and, respectively, the cutting
surfaces 5b, 6b and the borders of the second sheet ma-
terial 8 keep the borders of the sheet materials attached
to the undulating and straight cutting surfaces of the low-
er parts 1a, 2a, 3a, 4a and the upper parts 1b, 2b, 3b,
4b, respectively, after the panels have been detached
from each other.
[0021] The undulating shape of the cutting interface
5 between the upper parts 1b, 2b and the lower parts
1a, 2a of the form bars in the longitudinal direction of
the bars has been arranged so that several upper parts
1b, 2b and a lower part 1a, 2a of different undulating

shapes are available for assembling the panels. For
achieving sufficient variation, at least five different un-
dulating shapes are used so that 24 different panels are
produced, but typically at least seven different undulat-
ing shapes so that 720 different panels are produced,
and preferably at least ten different undulating shapes
so that 362880 different panels are produced. As there
are a certain limited number of used undulating shapes,
such as one of the above or some other number, the
undulating shape 5 is changing in series. However, the
undulating shape of the cutting interface 5 between the
upper parts 1b, 2b and the lower parts 1a, 2a of the form
bars can be arranged to be individual in each form bar,
which can easily be done by using a computer not
shown in the figures with a suitable program for control-
ling the slit machine tool. By using a suitable computer
program it is possible to form practically almost an infi-
nite number of different undulating shapes to the cutting
interface 5.
[0022] The first and second sheet material 7, 8 are
prefabricated, substantially straight boards, for exam-
ple, of suitable commercially available plywood, which
have two or several layers of veneer glued permanently
together beforehand. The sheet materials 7, 8 can al-
ternatively also be prefabricated, substantially straight
metal plates or plastic boards or fabric sheets pre-stiff-
ened with a suitable polymer or organic substance, such
as starch, or felt sheets, or some other corresponding
board material. The sheet material boards being sub-
stantially straight refers to that they have not been
shaped in advance in the direction of their thickness S.
The sheet material boards have to be substantially rigid
so that they retain their form when fastened between the
form bars and the possible support bars, but however
flexible to the extent that their borders shape to contact
the form bars and the possible support bars without ex-
cessive use of force and that the applied gluing holds
them fast to the form bars and support bars. Thus, when
lowered to a planar base, also the sheet material boards
have to adopt a nearly planar position and, for example,
comprising 1 m2 and being supported only from its two
opposite borders, bend under their own weight, but only
slightly, for example 3mm ... 15 cm. At the moment it is
believed that a sheet material board has a suitable flex-
ibility and rigidity as the product E3I of its Young's mod-
ulus of elasticity and the stiffness moment is approxi-
mately 0.5 N·m2-50 N·m2, as the stiffness moment of
the flat material is b3h3/12, as is well known. In case of
plywood and not fibre-reinforced or very slightly fibre-
reinforced plastic board the thickness S of the first and
second sheet material 7, 8 is under 1 mm, but preferably
the thickness of the first and second sheet material 7, 8
is between 0.3 mm - 0.7 mm so that the panels can be
made permeable to light, at least to some extent. In case
of a metal sheet or a highly fibre-reinforced plastic board
the thickness S of the first and second sheet material 7,
8 is under 0.5 mm, but preferably the thickness of the
first and second sheet material 7,8 is 0.1 mm - 0.3 mm.
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In case of a pre-stiffened fabric sheet or felt sheet the
thickness S of the sheet materials 7, 8 can vary within
very extensive limits, from 5 mm to 0.3 mm, depending
on the properties of the impregnating medium. It is gen-
erally preferable to use a rather small amount of the stiff-
ening impregnating medium so that the fabric, or espe-
cially the felt, stays porous. Also sheet material boards
manufactured by pre-laminating of the said materials
can be used, in which case its thickness corresponds to
that defined above, where applicable. The sheet mate-
rial boards can also be pre-perforated in a suitable way
for reasons of appearance or for improving the acoustic
properties. The material for the form bars 1, 2 and the
possible support bars 3, 4 can be massive wood, ply-
wood, laminated veneer lumber or plastic or possibly
metal, or a combination these.
[0023] The glues 9a, 9b are applied either to the sur-
faces of the borders 10 of the sheet materials 7,8 at the
place of the cutting surfaces 5a, 5b, 6a, 6b of the lower
parts or upper parts of the bars coming against them, or
alternatively, to the cutting surfaces 5a, 5b, 6a, 6b of the
lower parts or upper parts of the bars, or to both. It can
also be done so that the actual glue is applied to the
ones of these and the hardening agent of the glue to the
other ones so that the time of treatment for the parts is
longer, as the hardening can only begin after the borders
of the sheet materials 7, 8 and the cutting surfaces 5a,
5b, 6a, 6b of the bars come into contact with each other.
Any glue suitable for the purpose can be used as the
glue. The said tightening of the upper parts 1b, 2b, 3b,
4b and the lower parts 1a, 2a, 3a, 4a against each other
with the force F for making the borders 10 of the sheet
materials to follow the forms of the cutting surfaces 5, 6
is preferably performed in room temperature. Thus, no
heating is normally used in the invention for shaping the
sheet materials, and heat is actually not needed, be-
cause the finished sheet materials 7, 8 used according
to the invention - unlike for example separate wood ve-
neers - are hardly shaped by the influence of heat. How-
ever, the temperature has to be sufficiently high and the
environmental circumstances have to be such that the
glues 9a, 9b harden in the appropriate way. Neverthe-
less, nothing prevents the use of elevated temperature
to make the glues 9a and 9b to harden faster.
[0024] If such panels are desired, in which the one
side of one panel has the similar undulating shape as
the one side of a second panel so that the protrusions
and valleys of the outwards facing sheet materials 7, 8
of the panels progress in a continuous manner from one
panel to the other, one proceeds in the following way,
according to the invention. The form bars are then cut
longitudinally in two as upper parts 1b, 2b and lower
parts 1a, 2a along the said undulating cutting interface
5, two form bars 1 and 101, or 2 and 102, at a time - in
the case described previously, one form bar 1 or 2 at a
time, as is shown in Figure 3 - placed side by side, as
is shown in Figure 4. The upper parts 1b, 2b and lower
parts 1a, 2a, which are identical with each other, are

then used in the same position to manufacture different
panels by placing them to the opposite sides of the dif-
ferent panels. This means that, in the cutting step in Fig-
ure 4, the side surfaces 17 and 18 of the form bars 1
and 101 and 2 and 102, respectively, facing each other
or against each other, are arranged as outwards point-
ing side surfaces in the panels. In the case in Fig. 1B,
the backwards pointing side surface of the front panel
11, 12 out of sight is the first side surface 17 - visible in
Fig. 1A - and the forwards pointing side surface of the
back panel 13, 14, 15, 16, which is out of sight behind
the foremost panel, is the second side surface 18.
[0025] Thus, more closely defined the following way:
The first panel 11 comprises the lower parts 1a and 2a
of the first and second form bars 1 and 2, which thus are
different, the first side surface 17 outwards, and the third
panel 13 comprises at least the lower part 1a of the third
form bar 101 the second side surface 18 outwards. The
second panel 12 comprises the upper parts 1b and 2b
of the first and second form bar 1 and 2, which thus are
different, the first side surface 17 outwards, and the
fourth panel 14 comprises at least the upper part 1b of
the third form bar 101 the second side surface 18 out-
wards. The first panel 11 comprises the lower parts 1a
and 2a of the first and second form bar 1 and 2, which
thus are different, the first side surface 17outwards, and
the fifth panel 15 comprises at least the lower part 2a of
the fourth form bar 102 the second side surface 18 out-
wards. The second panel 12 comprises the upper parts
1b and 2b of the first and second form bar 1 and 2, which
thus are different, the first side surface 17 outwards, and
the sixth panel 16 comprises at least the upper part 2b
of the fourth form bar 102 the second side surface 18
outwards. Two panels are then mounted for use one af-
ter the other: the first and third panel 11 and 13 so that
the lower parts of the first and, respectively, the third
form bar are side by side, the second and the fourth pan-
el 12 and 14 so that the upper parts of the first and, re-
spectively, the third form bar are side by side, the first
and the fifth panel 11 and 15 so that the lower parts of
the first and, respectively, the fourth form bar are side
by side, the second and the sixth panel 12 and 16 so
that the upper parts of the first and, respectively, the
fourth form bar are side by side. Thus the surface shape
containing irregular protrusions and valleys continues
substantially unbroken from panel to panel, with the ex-
ception of the possible smaller or larger slit between the
panels. The panels can also be placed so that they are
attached to each other.
[0026] An alternative embodiment of the method is to
manufacture and use additional form bars instead of the
support bars. For this purpose additional form bars 1; 2
are taken, the lengths Lm of which correspond to the
widths W or lengths Lp of the panel sides and the heights
Hm of which are larger than the maximum of the height
difference Hp between the protrusions and valleys in the
panel. As has been described above, these form bars
are cut longitudinally in two as upper parts 1e, 2e and
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lower parts 1d, 2d so that the cutting interface 5 is un-
dulating in the longitudinal direction of the bars and lin-
ear in the direction transverse to the length and height
of the bars. Before arranging the said sheet material,
these upper parts 1d, 2d of the first and second addi-
tional form bar are placed at a distance of the panel
length Lp or, respectively, the width W away from each
other and into connection with the previously described
lower parts 1a, 2a of the form bars and the cutting sur-
faces 6a, 6b upwards, to form the frame 20 of the panel.
These lower and upper parts of the additional form bars
are thus used the same way as the lower and upper
parts of the support bars, but the parts of the additional
form bars have undulating surfaces unlike the parts of
the support bars. After this the first sheet material 7 is
arranged onto the said lower parts, with glue 9a between
the cutting surfaces 5a and 6a of all the lower parts 1a,
2a, 1d, 2d and the lower surface 7a of the sheet material
against them. The cutting surfaces 5b of the upper parts
1e of the first form bars are then pressed against the
upper surface 7b pointing away from the lower surface
of the first sheet material at the region of the lower parts
1d of the first form bars and in line with them, and the
cutting surfaces 5b of the upper parts 2e of the second
form bars are putted against the upper surface 7b of the
first sheet material at the region of the lower parts 2d of
the second form bars and in line with them, or respec-
tively, and the said upper parts 1b, 2b, 1e, 2e and the
lower parts 1a, 2a, 1d, 2d are tightened towards each
other with such a force F that the borders 10 of the sheet
material are set to follow the forms of the cutting inter-
faces 5, 6 between the lower parts and the upper parts.
Finally, the glue 9a is let to harden, and the first panel
11 is detached from the said upper parts. The result is
a panel according to Figure 7, in which all the sides are
undulating. At its simplest, the undulating shapes of all
the sides in the panel in Figure 7 can be identical so that
the protrusions and valleys of parallel panels are repeat-
ed in the two general directions of the surface perpen-
dicular to each other. The undulating shapes of all the
sides can also be different so that the protrusions and
valleys of parallel panels change continuously in the two
general directions perpendicular to each other.
[0027] Thus, it has been achieved the second advan-
tageous embodiment of the panel of sheet material of
the invention, which thus comprises the lower parts 1a
and 2a or the upper parts 1b and 2b of the form bars
that are at a distance of the panel's width W or length
Lp away from each other, the parts having cutting sur-
faces 5a, 5b undulating in the longitudinal direction of
the bars and linear in the direction transverse to the
length and height of the bars, and with the first and sec-
ond end height H1, H2, and the lower parts 1d and 2d
or the upper parts 1e and 2e of the form bars that are at
a distance of the panel's Lp or width W away from each
other, the form bars having cutting surfaces 5a, 5b un-
dulating in the longitudinal direction of the bars and lin-
ear in the direction transverse to the length and height

of the bars, and with also a second and a first end height
H1, H2. The sheet material 7 or 8 is attached from its
borders 10 in the cutting surfaces 5a and 5b pointing to
the same direction with glue 9a or 9b, the borders 10
thus following the forms of the cutting surfaces 5a and
5b, while the sheet material 7 or 8 remains in its entirety
in stress state. So that there would be no slit between
the lower parts and/or upper parts of the bars and so
that the protrusions and valleys of parallel panels would
continue unbroken, the ends of the lower parts 1a, 2a,
1d, 2d and of the upper parts 1b, 2b, 1e, 2e, respectively,
are dimensioned to have either the first end height H1
or the second end height H2, and two such bar parts
with the same end height, either H1 or H2, is fitted to
connect to each other in each corner of the panel. The
first end height H1 is typically different from the second
end height H2 so that most simply, but not necessarily,
the bar parts of all sides of the panel can be identical,
or the first end height H1 can be of the same size as the
second end height H2, in which case at least the oppo-
site sides of the panels have to have bar parts 1a, 2a,
1d, d; 1b, 2b, 1e, 2e with different cutting surfaces. For
other parts, what is explained in connection of the other
embodiments also applies to this embodiment in Figure
7.
[0028] The average height of the lower parts 1a and
2a; 1d and 2d or the upper parts 1b and 2b; 1e and 2e
of the form bars and the lower parts 3a and 4a or the
upper parts 3b and 4b of the possible support bars is
dimensioned to provide the sheet material 7, 8 with a
distance from the planned fastening point, typically from
the lower surfaces 1c and 2c and respective parts, suit-
able for each acoustic purpose.

Claims

1. Method for manufacturing panels of sheet material,
the surface shape of which contains irregular pro-
trusions and valleys, characterised in that the
method comprises as steps:

- providing basic form bars (1; 2), lengths (Lm)
of which correspond to lengths (Lp) or widths
(W) of the panel sides, and heights (Hm) of
which are bigger than maximum height differ-
ences (Hp) between the protrusions and val-
leys in the panel;

- cutting said form bars longitudinally in two as
upper parts (1b, 2b) and lower parts (1a, 2a) so
that the cutting interface (5) is undulating in the
longitudinal direction of the bars and linear in
the direction transverse to the length and height
of the bars;

- placing the lower parts (1a, 2a) of a first and a
second form bar (1, 2) at a distance of the width
(W) or, respectively, the length (Lp) away from
each other, their cutting surfaces (5a) upwards;

H
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- arranging a first sheet material (7) onto the said
lower parts, with glue (9a) between the cutting
surfaces (5a) of the lower parts and a lower sur-
face (7a) of the first sheet material against
them;

- putting: the cutting surface (5b) of the upper
part (1b) of the first form bar against an upper
surface (7b) of the first sheet material pointing
away from the lower surface at the region of the
lower part (1a) of the first form bar and in line
with it, and the cutting surface (5b) of the upper
part (2b) of the second form bar against the up-
per surface (7b) of the first sheet material point-
ing away from the lower surface at the region
of the lower part (2a) of the second form bar
and in line with it;

- tightening said upper parts (1b, 2b) and lower
parts (1a, 2a) towards each other with such a
force (F) that the borders (10) of the sheet ma-
terial are set to follow the forms of the cutting
interface (5) between the lower parts and the
upper parts;

- allowing the glue (9a) to harden; and
- detaching the first panel (11) from the said up-

per parts.

2. Method according to claim 1, characterised in that
the method further comprises as steps:

- providing support bars (3; 4), lengths (Lm) of
which correspond to widths (W) or lengths (Lp)
of the panel sides and heights (Hm) of which
are bigger than maximum height difference
(Hp) between the protrusions and valleys in the
panel;

- cutting the support bars longitudinally in two as
upper parts (3b, 4b) and lower parts (3a, 4a) so
that the cutting interface (6) is substantially
straight in the longitudinal direction of the bars
and either parallel with the said length or in-
clined in the direction of the length and linear in
the direction transverse to the length and height
of the bars.

3. Method according to claim 1, characterised in that
the method further comprises the step: providing
upper parts (3b, 4b) and lower parts (3a, 4a) of the
support bars, lengths (Lm) of which correspond to
the widths (W) or lengths (Lp) of the panel sides,
and heights (Hmυ) of which are half of the height
of the form bars (1, 2), forming the cutting surfaces
(6a, 6b) corresponding to the cutting interface (6) in
the direction of the length (Lm).

4. Method according to claim 2 or 3, characterised in
that the method further comprises as steps:

- placing, prior to arranging said sheet material,

the lower parts (3a, 4a) of the first and the sec-
ond support bar at the distance of the panel
length (Lp) or the panel width (W) respectively,
away from each other and into connection with
the lower parts (1a, 2a) of the form bars and the
cutting surfaces (6a, 6b) upwards, to form a
frame (20) of the panel;

- arranging the first sheet material (7) onto said
lower parts, with glue (9a) between the cutting
surfaces (5a, 6a) of all the lower parts (1a, 2a,
3a, 4a) and the lower surface (7a) of the sheet
material against them;

- putting: the cutting surface (5b) of the upper
part (1b) of the first form bar against the upper
surface (7b) of the first sheet material pointing
away from the lower surface at the region of the
lower part (1a) of the first form bar and in line
with it, and the cutting surface (5b) of the upper
part (2b) of the second form bar against the up-
per surface (7b) of the first sheet material at the
region of the lower part (2a) of the second form
bar and in line with it; and the cutting surface
(6b) of the upper part (3b) of the first support
bar against the upper surface (7b) of the first
sheet material at the region of the lower part
(3a) of the first support bar and in line with it,
and the cutting surface (6b) of the upper part
(4b) of the second support bar against the up-
per surface (7b) of the first sheet material at the
region of the lower part (4a) of the second sup-
port bar and in line with it, or respectively;

- tightening said upper parts (1b, 2b, 3b, 4b) and
lower parts (1a, 2a, 3a, 4a) towards each other
with such a force (F) that the borders (10) of the
sheet material are set to follow the forms of the
cutting interfaces (5, 6) between the lower parts
and the upper parts;

- allowing the glue (9a) to harden; and
- detaching the first panel (11) from said upper

parts.

5. Method according to claim 1, characterised in that
the method further comprises as steps:

- providing additional form bars (1; 2), the
lengths (Lm) of which correspond to the widths
(W) or lengths (Lp) of the panel sides and the
heights (Hm) of which are bigger than the max-
imum height difference (Hp) between the pro-
trusions and valleys in the panel;

- cutting form bars longitudinally in two as upper
parts (1e, 2e) and lower parts (1d, 2d) so that
the cutting interface (5) is undulating in the lon-
gitudinal direction of the bars and linear in the
direction transverse to the length and height of
the bars;

- placing, prior to arranging said sheet material,
the lower parts (1d, 2d) of the first and second
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additional form bar at a distance of the panel
length (Lp) or width (W) respectively, away from
each other and into connection with the lower
parts (1a, 2a) of the form bars and the cutting
surfaces (6a, 6b) upwards, to form the frame
(20) of the panel;

- arranging the first sheet material (7) onto said
lower parts, with glue (9a) between the cutting
surfaces (5a, 6a) of all the lower parts (1a, 2a,
1d, 2d) and the lower surface (7a) of the sheet
material against them;

- putting: the cutting surfaces (5b) of the upper
parts (1e) of the first form bars against the up-
per surface (7b) of the first sheet material point-
ing away from the lower surface at the region
of the lower parts (1d) of the first form bars and
in line with them, and the cutting surfaces (5b)
of the upper parts (2e) of the second form bars
against the upper surface (7b) of the first sheet
material at the region of the lower parts (2d) of
the second form bars and in line with them, or
respectively;

- tightening said upper parts (1b, 2b, 1e, 2e) and
lower parts (1a, 2a, 1d, 2d) towards each other
with such a force (F) that the borders (10) of the
sheet material are set to follow the forms of the
cutting interfaces (5, 6) between the lower parts
and upper parts;

- allowing the glue (9a) to harden; and
- detaching the first panel (11) from said upper

parts.

6. Method according to claim 4 or 5, characterised in
that the method further comprises as steps:

- arranging the second sheet material (8) onto
the first sheet material (7) on the said lower
parts (1a, 2a, 3a, 4a, 1d, 2d) so that its lower
surface (8a) is against the upper surface (7b)
of the first sheet material;

- placing: the cutting surface (5b) of the upper
part (1b) of the first form bar against the upper
surface (8b) of the second sheet material at the
region of the lower part (1a) of the first form bar
and in line with it, and the cutting surface (5b)
of the upper part (2b) of the second form bar
against the upper surface (8b) of the second
sheet material at the region of the lower part
(2a) of the second form bar and in line with it;
and the cutting surface (6b) of the upper part
(3b, 1e) of the first support bar or form bar
against the upper surface (8b) of the second
sheet material at the region of the lower part
(3a, 1d) of the first support bar or form bar and
in line with it, and the cutting surface (6b) of the
upper part (4b, 2e) of the second support bar
or form bar against the upper surface (8b) of
the second sheet material at the region of the

lower part (4a, 2d) of the second support bar or
form bar and in line with it, or respectively; with
glue (9b) between the cutting surfaces (5b, 6b)
of the upper parts and the upper surface (8b)
of the second sheet material against them;

- tightening said upper parts (1b, 2b, 3b, 4b, 1e,
2e) and lower parts (1a, 2a, 3a, 4a, 1d, 2d) to-
wards each other with such a force (F) that the
borders (10) of the sheet material are set to fol-
low the forms of the cutting interfaces (5, 6) be-
tween the lower parts and the upper parts;

- allowing the glues (9a, 9b) to harden; and
- detaching the first and the second panel (11,

12) from each other.

7. Method according to claim 1 or 5, characterised in
that further in the method form bars are cut longi-
tudinally in two as upper parts (1b, 2b, 1e, 2e) and
lower parts (1a, 2a, 1d, 2d) along said undulating
cutting interface (5) either one form bar (1 or 2) at
a time or two form bars (1 and 101, 2 and 102) at a
time, positioned side by side; and that upper parts
(1b, 2b, 1e, 2e) and lower parts (1a, 2a, 1d, 2d) iden-
tical with each other are used for manufacturing dif-
ferent panels.

8. Method according to claim 1 or 7, characterised in
that in the method the undulating form of the cutting
interface (5) between the upper parts (1b, 2b, 1e,
2e) and lower parts (1a, 2a, 1d, 2d) is arranged to
be changing in the longitudinal direction of the bars.

9. Method according to claim 8, characterised in that
in the method the undulating form of the cutting sur-
face (5) between the upper parts (1b, 2b, 1e, 2e)
and lower parts (1a, 2a, 1d, 2d) is arranged in each
form bar to be individual or serially changing.

10. Method according to claim 1 or 5, characterised in
that in the method the cutting interface (5) between
the upper parts (1b, 2b; 1e, 2e) and lower parts (1a,
2a; 1d, 2d) of the form bars is cut with slit machining
means (30), such as a band sawing machine or mill-
ing cutter or water jet or laser.

11. Method according to claim 1 or 6, characterised in
that prefabricated plates being substantially non
pre-shaped in a direction of their thickness (S) are
used as the first and second sheet material (7, 8).

12. Method according to claim 11, characterised in
that the thickness (S) and rigidity of the first and
second sheet material (7, 8) has been chosen such
as to enable a deformation of the sheet material dur-
ing said tightening and the retaining of the form and
attachment of the sheet material after said harden-
ing of the glue.
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13. Method according to claim 1 or 6, characterised in
that the said glues (9a, 9b) are applied: either to the
surfaces of the sheet materials (7, 8) at the region
of the cutting surfaces (5a, 5b, 6a, 6b) of the lower
parts or upper parts of the bars coming against
them, or to the cutting surfaces (5a, 5b, 6a, 6b) of
the lower parts or upper parts of the bars, or to both.

14. Method according to one of the preceding claims,
characterised in that the said tightening of the up-
per parts (1b, 2b, 3b, 4b) and lower parts (1a, 2a,
3a, 4a) towards each other with the force (F) to set
the borders (10) of the sheet material to follow the
forms of the cutting interfaces (5, 6) is performed in
room temperature.

15. Panel of sheet material, the surface shape of which
contains irregular protrusions and valleys, charac-
terised in that the panel comprises:

- lower parts (1a or 2a) or upper parts (1b and
2b) of form bars at a distance of the panel width
(W) or length (Lp) from each other, the cutting
surfaces (5a, 5b) of which are undulating in the
longitudinal direction of the bars and linear in
the direction transverse to the length and height
of the bars;

- lower parts (3a and 4a) or upper parts (3b or
4b) of support bars at a distance of the panel
length (Lp) or, respectively, width (W) from each
other, with straight cutting surfaces (6a, 6b);

- sheet material (7 or 8) attached from its borders
(10) with glue (9a or 9b) to said cutting surfaces
(5a and 6a; or 5b and 6b) pointing to the same
direction, the borders (10) following the forms
of the cutting surfaces (5a and 6a; or 5b and
6b); and

- said sheet material (7 or 8) staying in its entirety
in a stressed state.

16. Panel of sheet material, the surface shape of which
contains irregular protrusions or valleys, character-
ised in that the panel comprises:

- lower parts (1a and 2a) or upper parts (1b and
2b) of form bars at a distance of the panel width
(W) or length (Lp) from each other, the cutting
surfaces (5a, 5b) of which are undulating in the
longitudinal direction of the bars and linear in
the direction transverse to the length and height
of the bars, and which have the first and second
end height (H1, H2);

- lower parts (1d and 2d) or upper parts (1e and
2e) of form bars at a distance of the panel length
(Lp) or width (W) respectively from each other,
the cutting surfaces (5a, 5b) of which are undu-
lating in the longitudinal direction of the bars
and linear in the direction transverse to the

length and height of the bars, and which have
the second and first end height (H1, H2);

- sheet material (7 or 8) attached from its borders
(10) with glue (9a or 9b) to said cutting surfaces
(5a and 5b) pointing to the same direction, the
borders (10) following the forms of the cutting
surfaces (5a and 5b); and

- said sheet material (7 or 8) staying in its entirety
in a stressed state.

17. Two panels according to claim 15 or 16, character-
ised in that a first panel (11) comprises the lower
parts (1a and 2a) of the first and second form bar,
and a third panel (13) comprises at least the lower
part (1a) of the third form bar (101); or respectively,
a second panel (12) comprises the upper parts (1b
and 2b) of the first and second form bar (1 and 2),
and a fourth panel (14) comprises at least the upper
part (1b) of the third form bar (101).

18. Two panels according to claim 15 or 16, character-
ised in that a first panel (11) comprises the lower
parts (1a and 2a; 1d and 2d) of the first and second
form bar (1 and 2), and a fifth panel (15) comprises
at least the lower part (2a; 2d) of the fourth form bar;
or respectively, a second panel (12) comprises the
upper parts (1b and 2b; 1e and 2e) of the first and
second form bar (1 and 2), and a sixth panel (16)
comprises at least the upper part (2b; 2e) of the
fourth form bar (102).

19. Two panels according to claim 17 or 18, character-
ised in that they are installed one after another for
the use: the first and the third panel (11 and 13) with
the lower parts of the first and, respectively, the third
form bar side by side, the second and the fourth
panel (12 and 14) with the upper parts of the first
and, respectively, the third form bar side by side,
the first and the fifth panel (11 and 15) with the lower
parts of the first and, respectively, the fourth form
bar side by side, the second and the sixth panel (12
and 16) with the upper parts of the first and, respec-
tively, the fourth form bar side by side; so that the
surface shape containing irregular protrusions and
valleys continues substantially uninterrupted from
panel to panel.

20. Panel according to claim 15 or 16, characterised
in that the lower parts (1a and 2a; 1d and 2d) or
upper parts (1b and 2b; 1e and 2e) of the form bars
and the lower parts (3a and 4a) or upper parts (3b
and 4b) of the optional support bars are dimen-
sioned to provide the sheet material (7, 8) with a
distance (H) from the planned fastening place suit-
able for each acoustic purpose.

21. Panel according to claim 15 or 16, characterised
in that the sheet material (7, 8) is in its prefabricated
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state substantially a straight plywood board or a
metal plate or a plastic board, or a fabric sheet or
felt sheet stiffened with an additive.

22. Panel according to claim 21, characterised in that
the thickness (S) of the plywood board is under 1
mm, or the thickness (S) of the metal plate is under
0.5 mm, or the thickness (S) of the plastic board is
under 1 mm, or the thickness (S) of the fabric sheet
or felt sheet stiffened with an additive is under 5 mm.

23. Panel according to claim 16, characterised in that
the first end height (H1) is different from the second
end height (H2).
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